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Obstruction of systemic ventricular inflow and outflow
is considered uncommon in corrected transposition of
the great arteries {S,L,L}. Between 1979 and 1985, 42
patients with corrected transposition and two ventricles
and atrioventricular valves underwent two-dimensional
echocardiography. Obstruction of right ventricular in-
flow and outflow was present and diagnosed by two-
dimensional echocardiography in 5 of the 42 patients. A
supratricuspid stenosing ring, recognized in the apical
or subxiphoid four chamber view as a bright, linear
structure on the left atrial side of the tricuspid valve,
occcurred in two patients. Subaortic obstruction due to
infundibular hypertrophy with or without displaced
muscle bundles was seen in three patients. Subxiphoid
Although pulmonary stenosis is common in corrected trans-
position of the great arteries {S,L,L}, obstruction of inflow
and outflow of the systemic ventricle (anatomically the right
ventricle) is uncommon. Nonetheless, recognition of this
complicating feature may be crucial for successful surgical
repair. Although isolated case reports (1-7) of obstruction
on the systemic ventricular side in corrected transposition
exist, the larger clinical (8-15), angiographic (16,17) and
echocardiographic (18-21) series generally do not describe
this feature. A single autopsy series (22) described both
inlet and outlet obstruction of the systemic right ventricle
in corrected transposition. We herein report the two-di-
mensional echocardiographic findings in five patients with
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long- and short-axisviews and parasternal long-axis views
best displayed these features. Aortic coarctation was
present in four cases and could be diagnosed using mod-
ified suprasternal notch views.
Thus, systemic ventricular inflow and outflow ob-
struction may be more common in corrected transpo-
sition than previously believed (occurring in up to 10 to
15% of patients). The mechanisms producing the ob-
struction appear to be characteristic of the left atrium
and right ventricle irrespective of location or connec-
tions. Echocardiography appears to be an excellenttech-
nique for diagnosingthese associatedlesionsin corrected
transposition.
(J Am Coil CardioI1986;8:407-11)
corrected transposition and obstruction of systemic ventric-
ular inflow or outflow.
Methods
Subjects. Between 1979 and 1985, 42 patients with cor-
rected transposition of the great arteries {S,L,L}, with two
ventricles and atrioventricular (AV) valves, underwent two-
dimensional echocardiographic examination at this institu-
tion. Five (12%) of these patients were found to have ob-
structive lesions of systemic ventricular inflow or outflow
and are the subjects of this report (Table I). Their ages
ranged from 2 days to 23 months at the time of examination;
four patients were male and one was female. The exami-
nation was performed before surgery in three patients and
after pulmonary artery banding or coarctation repair, or
both, in two other patients.
Echocardiography. Two-dimensional echocardiog-
raphy was performed using a Picker Echoview 80 CI, a
Diasonics Cardiovue 100, an ATL Mark 600 or a Hewlett-
Packard 77020 Cardiac Imager equipped with a 5 MHz
transducer. Subxiphoid, apical, parasternal and suprasternal
notch views were obtained in each case. The examinations
0735-1097/86/$3.50
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Table 1. Associated Malformations in Five Patients With Corrected Transposition and Systemic
Ventricular Obstruction
Inlet Obstruction Outlet Obstruction
Supratricuspid Subaortic Aortic Ebstein's Subpulmonary
Case Age Stenosing Ring Stenosis Coarctation Anomaly VSD Stenosis
I 23 mo + + +
2 13 mo + + +
3 4 days + + +
4 5 mo + + +
5 2 days + + + +
VSD = ventricular septal defect; + = present; - = absent.
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were recorded on 112 inch (1.27 em) video cassette tape for
review in real time, slow motion and stop frame modes.
Cardiac anatomy was described using nomenclature pro-
posed by Van Praagh et al. (23).
Results
Details of cardiac anatomy in these five patients are shown
in Table I.
Right ventricular inflow obstruction. A supratricuspid
stenosing ring (22,24-26) was identified prospectively in
two patients (Cases I and 2) as a bright linear echo just
above the left-sided tricuspid valve (Fig. IA and B). In both
cases this fibrous ring inserted medially onto the left atrial
surface near the crux of the heart and laterally onto the left
atrial free wall between the left atrial appendage and the
tricuspid valve anulus. Doppler examination in both cases
disclosed mild tricuspid stenosis (peak pressure drop of 8
to 10 mm Hg) which was confirmed by direct pressure
measurement at cardiac catheterization.
Right ventricular outflow obstruction. Subaortic ste-
nosis was diagnosed prospectively in three infants (Cases
3 to 5) using parasternal and subxiphoid long-axis views
(27,28). In two cases with a ventricular septal defect (Cases
4 and 5) the obstruction was due to anterior and leftward
displacement of the infundibular septum in addition to hy-
pertrophy of the infundibular free wall (Fig. 2). This com-
bination produced a situation similar to that found in double
chamber right ventricle (29). In Patient 4 a subaortic pres-
sure gradient of 20 to 30 mm Hg was confirmed by Doppler
examination and cardiac catheterization.
In the patient with an intact interventricular septum
(Fig. 3A), marked hypertrophy of the infundibulum without
cavity expansion produced extreme right ventricular outflow
tract obstruction. The ascending aorta in this case was se-
verely hypoplastic, as seen in hypoplastic left heart syn-
drome.
Aortic coarctation was present in four patients (Cases I
and 3 to 5). The diagnosis was made prospectively by two-
dimensional echocardiography in two patients (Cases 3 and
5) using a suprasternal notch or high left parasternal view
(30,31). Because of the levoposition of the ascending aorta
in corrected transposition, the transducer must be rotated
counterclockwise about 30 to 45° from the usual suprasternal
notch long-axis view to display the aortic arch (32)
(Fig. 3B).
The other two patients (Cases J and 4) were first ex-
amined after repair of coarctation. In one patient severe
residual coarctation was correctly diagnosed and in the other
Figure 1. Subxiphoid four chamber view in Cases I (A) and 2
(B) showing the supratricuspid stenosing ring (arrow). LA = left
atrium; LAA = left atrial appendage; RV = right ventricle.
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Figure 2. Subxiphoid views in Case 4. A, Coronal
plane view showing a large subpulmonary ventricular
septum and overriding of the pulmonary artery (P). B,
Parasagittal plane view showing the infundibular sep-
tum (arrow) displaced anterosuperiorly towardthe right
ventricle (RV). C, A more anterior coronal plane view
showing the "muscle bundles" (arrow) dividing the
inflow and outflow portion of the right ventricle. D,
Parasagittal plane view with slight clockwise rotation
illustratingthe role of the infundibular septum (arrow)
in producing the midchamber obstruction of the right
ventricle. A = aorta; Inf = infundibulum; LV = left
ventricle; RA = right atrium; RVS = right ventricular
sinus.
the characteristic "kinking" of the aortic isthmus subse..
quent to coarctectomy could be seen.
Associated abnormalities. Ebstein' s malformation of
the left-sided tricuspid valve was demonstrated in two pa-
tients (Cases 3 and 5) using apical and sub xiphoid views
(18,21). Severe tricuspid regurgitation was present in Pa-
tient 3.
A large perimembranous ventricular septal defect was
seen in Patient 2. As noted earlier, a conoventricular septal
defect with anterior deviation of the infundibular septum
and overriding of the interventricular septum by the pul-
monary artery were present in Patients 4 and 5. The right
ventricle was somewhat hypoplastic in two patients (Cases
3 and 5). Subpulmonary stenosis was present in both patients
with a supratricuspid stenosing ring.
Discussion
The cardiac malformations most commonly associated
with corrected transposition are ventricular septal defect,
pulmonary stenosis and tricuspid valve anomalies (12-15).
Obstruction of systemic (right) ventricular inflow or outflow
in corrected transposition has been reported in only a few
cases (1-7) and is not generally considered a component of
this lesion. However, our findings as well as those of another
recent report (22) demonstrate that systemic ventricular ob-
struction occurs in up to 10 to 15% of patients with corrected
transposition.
Morphologic features of obstructive lesions. The mor-
phologic features of the obstructive lesions seen in our pa-
tients deserve special attention. The supratricuspid stenosing
Figure 3. Subxiphoid and suprasternal notchviews
in Case 3 with Ebstein's anomaly of the tricuspid
valve, intact ventricular septum, severe infundib-
ular stenosis and hypoplastic aorta. A, Anterior
coronal plane view showing the narrowed sub-
aorticinfundibulum andhypoplastic ascending aorta
(A). B, Suprasternal notch view of aortic arch (A)
showing the juxtaductal "shelf" (arrow) at the
junction with the ductus arteriosus typical of
coarctation. Abbreviations as in Figure 2.
410 MARINO ET AL.
SYSTEMICOBSTRUCTION IN CORRECTED TRANSPOSITION
JACC Vol. 8. NO.2
August 1986:407-11
ring, although uncommon in AV discordance, has been
reported previously (22,24-26). This structure appears re-
markably similar to the supramitral stenosing ring reported
by Shone et al. (33) in patients with AV concordance and
multiple left heart obstructive lesions. Recognition of this
structure in the usual left atrial position despite AV discor-
dance suggests that the supravalvular ring is a form of atrial
outlet obstruction peculiar to the left atrium, irrespective of
the morphology of the AV valve through which it empties.
The mechanisms of subaortic obstruction in our patients
are similar to those seen in right ventricular outflow tract
obstruction with a ventricular d-loop and normally related
great arteries (28) or common transposition (34,36). An-
terior displacement of the infundibular septum or hypertro-
phied infundibular muscle bundles, or both, as seen in te-
tralogy of Fallot, double chamber right ventricle or common
transposition with subaortic stenosis, produced narrowing
at the infundibular inlet. Generalized infundibular hypopla-
sia was also seen in one case.
Conclusions. Systemic ventricular inflow or outflow ob-
struction in corrected transposition is more common than
was previously appreciated. The types of obstruction seen
appear to be characteristic of the left atrium and right ven-
tricle irrespective of location or connections. Two-dimen-
sional echocardiography is an excellent technique for de-
tecting these associated obstructive lesions.
References
I. Lev M. Pathologic diagnosis of positional variations in cardiac cham-
bers in congential heart disease. Lab Invest 1954;3:71-82.
2. Brenner 11, Bharati S, Winn WC, Lev M. Absent tricuspid valve with
aortic atresia in mixed levocardia (atria situs solitus, L-Ioop). A hith-
erto undescribed entity. Circulation 1978;57:836-40.
3. Deanfield lE, Anderson RH, Macartney Fl. Aortic atresia with "cor-
rected transposition of the great arteries" (atrioventricular and ven-
triculoarterial discordance). Br Heart 1 1981;46:683-6.
4. Muster Al, Idriss FS, Bharati S, et al. Functional aortic valve atresia
in transposition of the great arteries. J Am Coll Cardiol 1985;6:630-4.
5. Lev M, Rowlatt UFo The pathologic anatomy of mixed levocardia. A
review of thirteen cases of atrial or ventricular inversion with or with-
out corrected transposition. Am J Cardiol 1961;8:216-63.
6. Freedom RM, Dische MR, Rowe RD. Pathologic anatomy of subaortic
stenosis and atresia in the first year of life. Am J Cardiol
1977;39: 1035-43.
7. Kernen JA. Corrected transposition of the great vessels of the heart.
Am Heart J 1958;56:583-90.
8. Anderson RC, Lillehei CW, Lester RG. Corrected transposition of
the great vessels of the heart. A review of 17 cases. Pediatrics
1957;20:626-46.
9. Friedberg DZ, Nadas AS. Clinical profile of patients with congenital
corrected transposition of the great arteries. A study of 60 cases. N
Engl J Med 1970;282: 1053-9.
10. Shem-Tov A, Deutsch V, Yahini JH, Kraus Y, Neufeld HN. Corrected
transposition of the great arteries. A modified approach to the clinical
diagnosis in 30 cases. Am 1 Cardiol 1971;27:99-113.
II. Bjarke BB, Kidd BSL. Congenitally corrected transposition of the
great arteries: a clinical study of 101cases (abstr). Br Heart J 1976;38:535.
12. Losekoot TG, Anderson RH, Becker AE, Danielson GK, Soto B.
Congenitally Corrected Transposition. Edinburgh: Churchill Living-
stone, 1983.
13. Tenorio de Albuquerque A, Rigby ML, Anderson RH, Lincoln C,
Shinebourne EA. The spectrum of atrioventricular discordance. A
clinical study. Br Heart J 1984;51:498-507.
14. Attie F, Ovseyevitz J, Llamas G, Buendia A, Vargas J, Muiioz L.
The clinical features and diagnosis of a discordant atrioventricular
connexion. Int J Cardiol 1985;8:395-419.
15. Huhta JC, Danielson GK, Ritter DG, Ilstrup DM. Survival in atrio-
ventricular discordance. Pediatr Cardiol 1985;6:57-60.
16. Soto B, Bargeron LM, Bream PR, Elliot LP. Condition with atrio-
ventricular discordance-angiographic study. In: Anderson RH. Shine-
bourne EA, eds. Pediatric Cardiology 1977. Edinburgh: Churchill
Livingstone, 1978:207-23.
17. Attie F, Soni J, Ovseyevitz J, Munoz-Castellanos L, Testelli MR,
Buendia A. Angiographic studies of atrioventricular discordance. Cir-
culation 1980;62:407-15.
18. Hagler DJ, Tajik AJ, Seward JB, Edwards WD, Mair DD, Ritter DG.
Atrioventricular and ventriculoarterial discordance (corrected trans-
position of the great arteries). Wide angle two-dimensional echocar-
diographic assessment of ventricular morphology. Mayo Clin Proc
1981;56:591-600.
19. Foale R, Stefanini L, Rickards A, Somerville J. Left and right ven-
tricular morphology in complex congenital heart disease defined by
two dimensional echocardiography. Am J Cardiol 1982;49:93-9.
20. Smallhorn JF, Sutherland GR, Anderson RH, Macartney FJ. Cross-
sectional echocardiographic assessment of conditions with atrioven-
tricular valve leaflets attached to the atrial septum at the same level.
Br Heart J 1982;48:331-41.
21. Sutherland GR, Smallhorn JF, Anderson RH, Rigby ML, Hunter S.
Atrioventricular discordance. Cross-sectional echocardiographic-rnor-
phological correlative study. Br Heart J 1983;50:8-20.
22. Allwork SP, Bentall HH, Becker AE, et al. Congenitally corrected
transposition of the great arteries: morphologic study of 32 cases. Am
J Cardiol 1976;38:910-22.
23. Van Praagh R, Weinberg PM, Matsvoko R, Van Praagh S. Malpo-
sition of the heart. In: Adams FH, Emmanouilides GC, eds. Moss'
Heart Disease in Infants, Children and Adolescents. Baltimore: Wil-
liams & Wilkins, 1983:422-58.
24. Rose AG, Beckman CB, Edwards JE. Communication between coro-
nary sinus and left atrium. Br Heart J 1974;36:182-5.
25. Quero-Jimenez M, Raposo-Sonnenfeld I. Isolated ventricular inver-
sion with situs solitus. Br Heart J 1975;37:293-304.
26. Chesler E, Beck W, Barnard CN, Schrire V. Supravalvular stenosing
ring of the left atrium associated with corrected transposition of the
great vessels. Am J Cardiol 1973;31:84-8.
27. Sanders SP, Bierman FZ, Williams RG. Conotruncal malformations:
diagnosis in infancy using subxiphoid 2-dimensional echocardiog-
raphy. Am J Cardiol 1982;50: 1361-7.
28. Marino B, Ballerini L, Marcelletti C, et al. Right oblique subxiphoid
view for two-dimensional echocardiographic visualization of the right
ventricle in congenital heart disease. Am J Cardiol 1984;54: 1064-8.
29. Rowland TW, Rosenthal A, Castaneda AR. Double-chamber right
ventricle: experience with 17 cases. Am Heart J 1975;89:455-62.
30. Sahn OJ, Allen HD, McDonald G, Goldberg SJ. Real-time cross-
sectional echocardiographic diagnosis of coarctation of the aorta. A
prospective study of echocardiographic-angiographic correlations. Cir-
culation 1977;56:762-9.
31. Smallhorn J, Huhta JC, Adams PA, Anderson RH, Wilkinson JL,
Macartney FJ. Cross-sectional echocardiographic assessment of coarc-
tation in the sick neonate and infant. Br Heart 1 1983;50:349-61.
32. Silverman NH, Snider AR. Two-dimensional Echocardiography in
Congenital Heart Disease. Norwalk, CT: Appleton-Century-Crofts,
1982:186.
JACC Vol. 8. No.2
August 1986:407-11
MARINO ET AL.
SYSTEMIC OBSTRUCTION IN CORRECTED TRANSPOSITION
411
33. Shone JD. Sellers RD. Anderson RC. Adams P Jr, Lillehei CW,
Edwards JE. Thedevelopmental complexof " parachute mitralvalve,"
supravalvular ring of left atrium, subaortic stenosis and coarctation of
aorta. Am J Cardiol 1963:11:714-26.
34. Milanesi 0 , Thiene G, Bini RM, Pellegrino PA. Complete transpo-
sition of great arteries with coarctation of aorta. Br Heart J
1982;48:566-71 .
35. Moene RJ. Oppenheimer-Dekker A. Bartelings MM. Anatomic ob-
struction of the right ventricular outflow tract in transposition of the
great arteries. Am J Cardiol 1983;51:1701-4 .
36. Marino B, De Simone G, Pasquini L, et al. Complete transposition
of the great arteries; visualization of left and right outflow tract ob-
struction byobliquesubcostal two-dimensionalechocardiography. Am
J Cardiol 1985;55:1140-5 .
